Immune stimulation by a CpG-containing oligodeoxynucleotide is enhanced when encapsulated and delivered in lipid particles.
The therapeutic benefit from phosphorothioate oligodeoxynucleotides (PS ODN) containing immune stimulatory sequences (ISS) has been demonstrated in animal models of cancer and infection. In particular, when CpG-containing PS ODN are administered to mice, activation of macrophages and dendritic, NK, T, and B cells occurs, resulting in the release of an array of cytokines, including interleukin-12 (IL-12), interferon-gamma (IFN-gamma), and tumor necrosis factor-alpha (TNF-alpha). We have previously described stabilized antisense-lipid particles (SALP) for the i.v. administration of antisense ODN [Biochim Biophys Acta (2001) 1510:152--166]. Given the propensity for SALP to target macrophages in vivo it was of interest to determine whether they could enhance the potency of CpG ODN to induce an immune response. In this report we show that when CpG-containing SALP are administered intravenously to ICR mice the plasma concentrations of IL-12, IFN-gamma, IL-6, monocyte chemoattractant protein-1, and TNF-alpha are greatly increased compared with the same dose of free ODN. The pattern of cytokine induction indicates that the immune response is T helper cell type 1-biased, similar to that observed for PS CpG ODN ISS in general. Furthermore, when phosphodiester (PO) ODN is substituted for PS ODN in the SALP formulation cytokine induction is even greater at the early time points, in marked contrast to free PO ODN, which is inactive. These results demonstrate that the immunogenicity of ISS is not only enhanced by encapsulation in lipid particles, which more closely mimic the way ISS DNA would normally be presented to antigen presenting cells by pathogens in vivo, but also SALP enable unmodified PO CpG ODN to be used as immune stimulants.